Purpose-Overweight in adolescence is a significant problem which is associated with body dissatisfaction and eating disorder (ED) behaviors. Cost-effective methods for early intervention of obesity and prevention of ED are important due to the refractory nature of both. This multisite RCT evaluated an Internet-delivered program targeting weight loss and ED attitudes/behaviors in adolescents.
adherence and to further explore the efficacy of Internet-delivery of weight control programs for adolescents.
Keywords
Overweight; treatment; Internet; eating disorders More than one out of three adolescents is currently overweight or at-risk-for-overweight (OW) [1] . Many of these adolescents experience compromised mental and physical health [2] and are much more likely to face serious and chronic illnesses as adults [3] . Although a recently published review of the obesity literature points to well-established weight loss treatments for children between the ages of 8 and 12 years [4] , few randomized controlled trials targeting weight loss in adolescents have been conducted. As described in this review, behavior modification counseling (e.g., self-monitoring of diet and physical activity) holds the most promise for adolescents [4] and addressing cognitive barriers (e.g., body dissatisfaction) may be a helpful adjunct [5] [6] [7] .
A challenging aspect of treating OW in adolescents is the presence of higher rates of weight/ shape concerns and disordered eating behaviors, indicating elevated risk for the development of eating disorders (ED) [6, 8] and related barriers to effective weight control. OW adolescents use unhealthy and harmful weight loss techniques at a higher rate than normal weight adolescents who are equally dissatisfied with their bodies, possibly in an attempt to find a quick solution to their weight problem [9] . Simultaneously, OW adolescents are also less likely to engage in healthy eating habits and physical activity [10] [11] , both of which are essential for healthy weight control, making weight management more difficult. Likewise, OW may be perpetuated through dieting, by way of disinhibition of eating (e.g., binge eating) following bouts of dietary restraint [12] ; however, ED symptoms have rarely been addressed in weight loss programs and the importance of treating both has been noted [6] .
Due to the magnitude of obesity's impact on public health and the challenge of treating the OW population solely through face-to-face programs (e.g., due to transportation and financial limitations [13] ), innovative and cost-effective methods of intervention are needed [14] . The Internet is a promising mode of service delivery due to its accessibility and convenience [14] . Internet-delivered weight loss interventions have been tested in adults with moderate success [15] [16] [17] , and one study in African American adolescent girls and their parents reported shortterm results in favor of the Internet intervention [18] , which then dissipated at 18-month followup [19] . In addition, Internet interventions have been successful in reducing ED risk factors, as well ED onset in some high-risk subgroups [20] [21] . To date, however, an Internet program targeting a diverse group of adolescents for weight loss and ED prevention has not been evaluated to our knowledge.
This study presents an evaluation of an Internet-delivered program concurrently targeting weight loss and ED attitudes and behaviors in adolescents. It was hypothesized that participants in the experimental group would show improvements in weight status and ED attitudes and behaviors compared with a control group receiving usual care. Secondary hypotheses include improvements in the intervention group on dietary behaviors and physical activity-related behaviors compared with the control group.
Methods

Participants
Participants were recruited in San Diego and St. Louis through newspaper and on-line advertisements, and flyers posted at schools, medical facilities, and weight loss organizations targeting adolescents interested in losing weight and their parents. In addition, referrals were obtained through pediatricians and school nurses.
Participants were eligible if they were between the ages of 12-18, overweight or at risk for overweight (≥85 th percentile [22] ), and had Internet access either at home or at a location where regular use was possible (e.g., school, library). Exclusion criteria included: the presence of medical conditions (e.g., endocrinologic diseases) or use of prescription medication resulting in significant weight changes; complications of OW that contraindicated moderate physical activity (e.g., orthopedic disorders); and past or present diagnosis of a clinical ED (i.e., anorexia nervosa, bulimia nervosa, binge eating disorder).
The number of participants targeted for enrollment was chosen based on results of an adolescent weight control intervention by Saelens and colleagues [23] . Estimating an effect size of f=0.40 with power of 0.80 to detect an effect on weight outcomes using ANOVA, the necessary number of participants was calculated to be 52. Accounting for 20% attrition, at least 62 participants were deemed necessary at baseline.
One hundred fifty-five adolescents or their parents contacted the study with interest in participation (see Figure 1 ) between November 2003 and May 2005. Subsequently, 83 adolescents were deemed eligible and randomized to either the intervention group (n = 42) or control group (n = 41). Three participants were excluded after randomization had taken place because of medical or psychiatric problems. This resulted in sample sizes of 40 adolescents for both the intervention and control groups. Participants were enrolled in the study in four separate cohorts; two cohorts were run in San Diego, CA and two cohorts were run in St. Louis, MO. Participant demographics can be found in Table 1 .
Procedures
Adolescents or parents who responded to study advertisements were assessed for initial eligibility via a telephone screen after verbal consent was obtained. If initial eligibility criteria were met, an in-person baseline (BL) assessment was scheduled. At that time, informed consent (parents/guardians) and assent (adolescents) were obtained in compliance with the IRBs of San Diego State University, University of California at San Diego, and Washington University.
Following completion of BL measures, adolescents were randomly assigned to the intervention or control group. Randomization occurred by selection among opaque envelopes prepared by research assistants, with each envelope containing information on the intervention or control group. If the adolescent was assigned to the intervention group, the adolescent and parent received a brief orientation to the Internet program, a pedometer, and a calorie/fat guide for common foods and beverages.
Adolescents assigned to Usual Care (UC) and their parents received color handouts containing basic information on nutrition and physical activity, but were not given specific instructions on behavior modification. They were told to continue visit their physicians as needed. The UC group was offered access to the Internet program at the conclusion of the 4-month followup.
Intervention
Student Bodies 2 (SB2) is a 16-week, Internet-delivered program using a cognitive-behavioral approach to help OW adolescents lose weight and increase positive body image. SB2 weekly content includes basic education (e.g., portion sizes, recommended daily activity), guided behavior modification for weight control (e.g., self-monitoring with feedback), and cognitive exercises for improving body image (see Table 2 ). The first 8 weeks of the program were primarily oriented towards behavioral weight loss while the focus shifted towards body image improvement during the second half of the program. SB2 uses gender-specific Internet interfaces for visual appeal (e.g., more feminine/masculine color schemes) and boys and girls are automatically guided to gender-specific content (e.g., media portrayals of attractiveness). Each week, adolescents were asked to record their food intake, the amount of physical activity attained, and their weekly weight using a private, on-line journaling feature. Participants were expected to spend 1-2 hours/week and no more than 30 minutes/day using the program.
A clinical psychology doctoral student moderated the program with close supervision by a licensed clinical psychologist. The moderator emailed each SB2 participant a weekly newsletter containing individualized feedback regarding food, physical activity, and weight journals, as well as any other program activities for the week (e.g., setting goals for reducing sedentary activity). Additionally, participants were invited to use an on-line body image journal to record triggers to body dissatisfaction as they learned how to challenge negative thoughts. The website also served as the forum for a moderated discussion group for the adolescents. The moderator guided the asynchronous discussion group for the adolescents, which ranged in size from 8-13 participants across the four cohorts. The discussion group was developed to be an enjoyable place for the adolescents to seek support, build relationships, and problemsolve as a group.
Adherence was monitored by reviewing participants' log-on data and use of on-line journals. Also, the moderator was able to access participants' journals to assess adherence with journal entries, with the participants' consent. Participants' adherence with the intervention was encouraged through a lottery system based on completion of program tasks in which participants were could win $20 gift cards; weekly, brief telephone calls to check in on difficulties with the program; and reminders provided through the weekly newsletters.
A monthly newsletter was mailed to parents to encourage creating a positive and constructive home environment in which their adolescent could achieve his/her health goals. In addition, the moderator was available to the parents via telephone during the program to answer questions and to give additional guidance on these topics as needed.
Assessment
Assessments occurred at three time points: BL, post-treatment, and 4-month follow-up (FU). Assessors were blinded to group assignment. The follow-up period ended in January 2006.
Primary outcomes-Participants were weighed and measured in plain clothes (i.e., after removing shoes, coats, and heavy clothing items) using a calibrated balance-beam or digital scale and a wall-mounted stadiometer. The same scale and stadiometer were used at each assessment timepoint within each site. BMI z-scores, calculated using CDC 2000 data, were chosen as the primary outcome variable in order to control for differences in sex and age [24] .
The Eating Disorder Examination-Questionnaire (EDE-Q) [25] is a validated, self-report version of the Eating Disorder Examination interview (EDE) [26] , which is a rigorous assessment of ED psychopathology over the past 28 days. The EDE-Q yields Weight Concern, Shape Concern, Eating Concern, and Dietary Restraint subscales, as well as a global score of overall eating pathology. The frequency of diagnostic behaviors, such as binge eating and selfinduced vomiting, are also assessed. The EDE-Q has good internal consistency (alpha coefficients: .78-.93) and test-retest reliability (Pearson r: .81-.94; [27] ). For the St. Louis participants (n = 35), a youth version of the EDE-Q which uses simplified language was administered [28] in an effort to pilot test this new instrument.
Secondary outcomes-The frequency of adolescent behavioral and cognitive skills use (e.g., self-monitoring, problem solving, seeking out social support, setting goals) related to eating and physical activity over the past four months were assessed using a questionnaire adapted for this study from measures used by Saelens and colleagues [23] . Psychometrics are not yet available for this qualitative questionnaire, which includes items such as, "How often did you set goals for your eating for the week?" In addition, the intervention group was administered a qualitative questionnaire to measure satisfaction with the Internet program (e.g., "Overall, how satisfied were you with the discussion group?") and an on-line social support scale using Likert responses indicating level of agreement (e.g., "I could talk about my concerns with members of the on-line discussion group.") [29] at post-treatment.
Data Analytic Plan
Data were screened for normality. BL differences between groups and sites were assessed using chi-square and t-tests. Analyses were run excluding participants who were not measured in person (SB2: n = 33/40; UC: n = 33/40) as well as intent-to-treat, with missing data replaced with BL values. Adherence was measured as the percentage of screens accessed on-line.
The primary hypothesis was tested using analyses of covariance (ANCOVAs) for BL to post and BL to FU. Multiple analyses of covariance (MANCOVA) were conducted for the EDE-Q subscales. Group was included as a fixed factor. For all of the aforementioned analyses, BL values of the dependent variable(s) were included as covariates, along with site and demographic variables for which there were BL differences between groups. In addition, effect sizes (partial eta squared, η p 2 ) were calculated. Only participants who completed assessments were included in effect size calculations.
Results
Preliminary Analyses
All variables were approximately normally distributed. At BL, SB2 participants were slightly older than the control group (see Table 1 ). Sites differed by ethnicity (χ 2 (3) = 10.83, p = .01), with a greater proportion of Black participants at the St. Louis site (40% vs. 15.6%) and a greater proportion of Hispanics at the San Diego site (20% vs. 2.9%), reflecting area demographics. Thus, ethnicity, site, and age were entered as covariates in the analyses.
Primary Analyses
ANCOVAs of BMI z-scores yielded a significant difference between groups from BL to post (F(5,60) = 5.11, p = .027), but not from BL to FU (F(5,60) = 1.14, p = .289; see Figure 2 ). Intent-to-treat analyses were non-significant from BL to post (F(5,74) = 3.78, p = .056) and BL to FU (F(5,74) = 0.64, p = .426). Translated into absolute weight and height changes, the SB2 participants lost 0.14 lbs (SD = 9.09) from BL to post and then Table 3 .
MANCOVA demonstrated an increase in dietary restraint for the SB2 group (F(8, 71) = 6.1, p = .016) from BL to post. Both groups reported a decrease in Shape Concern between BL and FU, with a greater decrease in the UC group (F(8, 71) = 4.2, p = .044). All other subscale comparisons were non-significant.
Secondary Analyses
SB2 participants reported greater use of eating-related skills use than UC participants at post (F(5, 74) = 12.66, p = .001) and 4-mo FU (F(5, 74) = 6.58, p = .012). Similarly, SB2 participants reported greater use of PA-related skills use than UC participants at post (F(5, 74) = 12.91, p = .001) and 4-mo FU (F(5, 74) = 6.58, p = .012).
On average, SB2 participants read 29.9% (SD = 27.3) of the Internet material (range: 0-90.7%) and 35% of the participants (n = 14) viewed <10% of the screens. Seventy-nine percent of SB2 participants were satisfied with the program, 15.8% were neither satisfied nor dissatisfied and 5.3% were dissatisfied. While 63.2% of participants were satisfied with the discussion group, 22.5% of the participants felt that there was not enough interaction within the group, and two participants suggested a real-time chat room rather than a discussion board. Participants reported moderate levels of social support obtained via the discussion group (M = 4.85, SD = 1.21; possible range: 1-7), which was comparable to past participants in Internetdelivered body image improvement programs (e.g., M = 4.79, SD = 1.1) and face-to-face group interventions for body image (M = 4.77, SD = 1.6) [30] .
Discussion
A 16-week, Internet-delivered program produced a reduction in BMI z-score in adolescent boys and girls, which was not sustained in the four months following the intervention. Upon examining the data, the intervention group maintained their weight during the intervention, which is encouraging considering that adolescents can "outgrow" their overweight if they maintain weight and continue to increase in height [31] , as they did in the current sample. In comparison, adolescents who received usual care, consisting of educational handouts on nutrition and physical activity, also reduced their BMI z-scores, but to a lesser degree. ED attitudes and behaviors were generally reduced in both groups, with slight, but not clinically significant, increases in dietary restraint (at post) and shape concerns (at follow-up) in the intervention group. These findings suggest that a minimally intensive and easily disseminable program is modestly effective for weight control in the short term and that ED risk factors were not significantly impacted either positively or negatively. These findings may have implications for the early intervention of OW without negative impact on ED risk.
The weight loss reported in this study is much less than that reported in adult studies [15, 17, 32] . However, the weight change from baseline to post was comparable to or better than that found in an evaluation of an Internet weight control program for African American adolescent females (e.g., +5.29 lbs control group; +1.21 lbs intervention) [33] . Adolescents may possess lower levels of self-efficacy or motivation to lose weight compared with adults. Parental involvement was limited in this study and it may be helpful to increase the support and motivation provided by parents in assisting adolescents with weight control. For instance, it may be beneficial to develop a parallel Internet program instructing parents on changing the home environment and providing instrumental support for their adolescents' behavioral changes (e.g., helping obtain a gym membership), as has been found in previous programs [19] . Specifically targeting parents for weight control, as well, may be an important way to increase family-wide behavioral changes for weight control [34] .
Overall, the hypothesis that the intervention would reduce ED behaviors and attitudes compared to the control group was not supported. In fact, participants appeared to decrease ED symptoms in both groups, with the exception of dietary restraint. Dietary restraint can be defined as cognitive and/or behavioral efforts to limit food intake for shape or weight reasons. An example of this would be avoiding certain foods that one likes in an effort to change one's weight/shape or going for long periods of time without eating (e.g., 8 hours or more) in order to influence one's weight/shape. The intervention group reported increased dietary restraint from BL to post, which is likely due to adherence to program recommendations, rather than a reflection of increased ED attitudes or behaviors; indeed, the SB2 group's mean scores on the Restraint subscale were commensurate with healthy young adolescent girls [35] and OW adults [36] . Shape concerns were reduced in both groups, but to a greater degree in the control group. It is possible that the increased focus on weight control in the intervention group moderated the downward shift on this measure compared with the control group. In addition, to explore the possibility that different versions of the EDE-Q may have impacted these findings, the primary analyses were run separately for the EDE-Q and the youth version of the EDE-Q. The differences between the intervention and control groups on ED variables were no longer found, thus, differences between groups on shape concerns and dietary restraint may have been a product of using different versions of the EDE-Q.
Alternatively, it is possible that the lack of improvement in the SB2 group on ED variables was due to the limited exposure to the relevant materials in the intervention. Adherence with the intervention was surprisingly low, with one-third of participants accessing <10% of the program. Yet, low adherence with Internet-delivered programs for weight loss in youth has been seen in other studies [37] . This highlights the importance of identifying ways to increase adherence when using Internet-delivered programs with youth. Further, the ED related materials were presented during weeks 8-16 and this relatively late introduction may have come at a time when adherence was decreasing. In contrast, satisfaction was quite high, suggesting that Internet interventions are appealing to adolescents and that additional reminders through innovative means (e.g., cell phone text messaging) or incentives to use the program could improve adherence and outcome. An analysis of the effective components of the program could aid in reducing the overall number of program expectations, thus improving adherence as well.
The SB2 group reported greater use of eating-and PA-related weight-loss skills at post and 4-month FU, such as self-monitoring calorie intake and the use of problem-solving skills to be more physically active, than the control group. This finding reflects skills taught in the intervention and suggests that the SB2 group adopted and maintained important, healthy lifestyle changes. Although the reduction in OW was modest, these behavior changes could translate into future weight control.
Limitations of the current study include a small sample size and lack of longer-term followup. Also, these findings may not apply to adolescent populations with less comfort with and/ or access to the Internet. The strengths of the current study include a randomized design incorporating a usual care group to represent what most OW adolescents might routinely receive in the community. The study's sample was ethnically diverse, with half of the sample identifying themselves as Black, Hispanic, or "other", representing an important contribution given that most studies of pediatric obesity treatments have been conducted with a largely White population [38] . The current findings provide preliminary support for the feasibility of Internet-delivered weight control in reducing overweight status in adolescents. BMI z-scores by group with error bars. Table 3 Means 
